We present COSAS (CO Survey of late AGB Stars), a project to map and analyze the 12 CO J = 1−0 and J = 2−1 line emission in a representative sample of circumstellar envelopes around AGB and post-AGB stars. The survey was undertaken with the aim of investigating small-and large-scale morphological and kinematical properties of the molecular environment surrounding stars in the late AGB and early post-AGB phases. For this, COSAS combines the high sensitivity and spatial resolving power of the IRAM Plateau de Bure interferometer with the better capability of the IRAM 30 m telescope to map extended emission. The global sample encompasses 45 stars selected to span a range in chemical type, variability type, evolutionary state, and initial mass. COSAS provides means to quantify variations in the mass-loss rates, assess morphological and kinematical features, and to investigate the appearance of fast aspherical winds in the early post-AGB phase. This paper, which is the first of a series of COSAS papers, presents the results from the analyses of a first sample of 16 selected sources. The envelopes around late AGB stars are found to be mostly spherical, often mingled with features such as concentric arcs (R Cas and TX Cam), a broken spiral density pattern (TX Cam), molecular patches testifying to aspherical mass-loss (WX Psc, IK Tau, V Cyg, and S Cep), and also with well-defined axisymmetric morphologies and kinematical patterns (X Her and RX Boo). The sources span a wide range of angular sizes, from relatively compact (CRL 2362, OH 104.9+2.4 and CRL 2477) to very large (χ Cyg and TX Cam) envelopes, sometimes partially obscured by self-absorption features, which particularly for IK Tau and χ Cyg testifies to the emergence of aspherical winds in the innermost circumstellar regions. Strong axial structures with more or less complex morphologies are detected in four early post-AGB stars (IRAS 20028+3910, IRAS 23321+6545, IRAS 19475+3119 and IRAS 21282+5050) of the sub-sample.
Introduction
The late evolution of red giants at the end of the asymptotic giant branch (AGB) and the subsequent formation and shaping of a planetary nebula (PN) is the most spectacular change occurring in the life of most stars. During this phase, the evolution of the star is no longer determined by the nuclear reactions occurring in the stellar interior, but is instead governed by the mass loss taking place at the stellar surface. Hence, the processes that control the fate of the star are directly accessible to observations. The chemistry to this parameter is that CO quickly forms in and near the photosphere and that it is relatively stable under the conditions prevailing there. In the case of C/O > 1 the AGB star is called a carbon star (or C-rich) and has a relatively rich carbon-based chemistry (further enhanced by photodissociation processes in the CSE), where molecules such as HCN, CS, and (eventually) long carbon-chain molecules, e.g., HC 9 N are formed in abundance. The lack of free O also has an implication for the type of dust that is produced, which is mainly carbonaceous. For AGB stars with C/O < 1, known as M-type (or O-rich), very few carbon-based molecules are formed and the chemistry is dominated by high abundances of oxygenbearing molecules such as H 2 O and SiO. Dust formation also takes place in these objects and is mainly based on silicates. There also exists a group of putative transition objects known as S-stars, where C/O ≈ 1. See Maercker (2010) for an up-to-date summary of molecules detected in the circumstellar medium. However, significant amounts of oxygen-bearing molecules have been found in the CSEs around carbon stars (and carbon-bearing molecules in the case of M-type AGB stars) and are taken as evidence for the importance of non-equilibrium chemical processes in regulating the photospheric and circumstellar chemistry (e.g., Lindqvist et al. 1988; Schöier et al. 2006b; Cherchneff 2006; Agúndez & Cernicharo 2006) .
Observations of low-excitation CO lines are thought to provide the most reliable measurements of the main circumstellar properties (envelope mass, mass-loss rate, dynamical parameters, spatial extent, and shape) of AGB (Schöier & Olofsson 2001; Teyssier et al. 2006; Ramstedt et al. 2009 ) and early post-AGB envelopes (Bujarrabal 1999) . A sample of 52 CSEs (mainly around AGB stars, but also some post-AGB stars and one red supergiant) were mapped in CO J = 1−0 with the IRAM interferometer at Plateau de Bure (PdBI; with three antennas around 1990−92) by Neri et al. (1998) . These data were complemented with maps of the CO J = 2−1 emission obtained with the IRAM 30 m telescope. Neri et al. (1998) concluded that most of the observed CSEs were roughly spherical and isotropically expanding, but their observations lacked both angular resolution and sensitivity. Since then, observations in greater detail (of a handful nearby and/or peculiar envelopes) have been performed, but our knowledge of the geometry and physical conditions in CSEs of AGB stars still remains in general very limited.
The CSE around the nearby (and well studied) AGB-star IRC +10216 was mapped by Fong et al. (2003) in the 12 CO J = 1−0 emission by combining BIMA millimeter array and NRAO 12 m telescope observations. The data revealed a large (∼250 ) envelope of roughly spherical shape, with multiple bright clumpy arcs (forming incomplete shells) expanding at a constant velocity. Supported by results from dust scattering observations at optical wavelengths (Mauron & Huggins 1999) and maps of other molecular tracers (Guélin et al. 2000) , the CO data strongly suggest that mass loss fluctuations have been regularly occurring in IRC +10216 at time scales of ∼1000 yr over the past ∼10 4 yr. In a very limited number of carbon stars (see Schöier et al. 2005 , for a summary of known sources) a detached, geometrically thin shell appears to encompass an inner, compact envelope; see e.g. the interferometric observations of TT Cyg (Olofsson et al. 2000) and U Cam (Lindqvist et al. 1999 ) with the PdBI. The prevailing interpretation is that these shells are the result of strong mass-loss modulations during a thermal pulse (e.g., Olofsson et al. 1990; Mattsson et al. 2007 ), probably further affected by an interaction with the surrounding (relic) CSE (Steffen & Schönberner 2000; Schöier et al. 2005) .
In a few likely peculiar AGB stars the molecular emission of CSEs was found to exhibit an axial symmetry. Hirano et al. (2004) mapped the CO J = 2−1 and J = 3−2 line emission in V Hya using the SMA. They uncovered fast collimated winds expanding perpendicularly to a disk-like structure that traces the remnant of an earlier isotropically expanding wind. Chiu et al. (2006b) imaged the CO J = 2−1 emission in π 1 Gru also with the SMA. They identified a slowly expanding equatorial wind and a faster moving bipolar outflow in the dynamical pattern of this S-type star. Though Fong et al. (2006) , Nakashima (2005) and Nakashima (2006) detected some departures from symmetry in a few other AGB stars, deeper analyses are needed because of insufficient spatial resolution, lack of sensitivity, and absence of short-spacing data. In some cases, interferometric observations from molecules other than CO have also been useful to detect the presence of shells in the CSEs around AGB stars (Dinh-V.-Trung & Lim 2009; Guélin et al. 2000) .
Interferometric observations of a number of pPNe have been made with the PdBI (e.g., Bujarrabal et al. 1998; Cox et al. 2000; Castro-Carrizo et al. 2002; Alcolea et al. 2001; Sánchez Contreras et al. 2004 ). The essence from such observations is that the molecular envelopes of pPNe are considerably more complex than suggested by earlier data , presenting in most cases narrow-wall cavities, jet-and disk-like structures. In addition, infrared and optical observations of these objects have revealed substructures rich in rings and arcs, likely resulting from changes in the stellar mass-loss rate along the AGB. However, the existing molecular data did not provide any trace of them, these structures located in the pPN outermost regions in which CO may be severely photodissociated.
Presentation of the project
In order to significantly improve the quality of observations of CSEs and make progress toward a better understanding of their origin and evolution, we have initiated a systematic and deep survey of the molecular layout around AGB and early post-AGB stars mainly using the IRAM PdBI. Our project is named COSAS, because it is a CO Survey of late AGB Stars.
The main aims of the project are: 1) to measure the CO brightness distributions for a representative sample; 2) to quantify where possible variations in the radial CSE distribution occur, and relate these detected features to the evolutionary stage, mass, and chemistry (O, C-rich or S-type) of the star; 3) to develop detailed spatio-kinematical models that include radiative transfer and chemical effects by which mass-loss rates, geometries, and kinematics can be determined; 4) to study the origin and evolution of post-AGB asymmetries in CSEs, in particular the structure of the velocity fields, incipient asymmetries in the inner shell regions and large-scale asymmetries.
A sample of 45 sources (Table 1) has been defined that addresses the variety of late AGB and early post-AGB stars according to chemistry, variability type, initial mass, peculiarities in spectral line profiles, and other properties. About 80% of the sources in the sample are late-type variable stars (mainly AGB stars, four OH/IR stars and a supergiant) and about 20% are early post-AGB stars; 51% of the sources are oxygen-rich, 35% are carbon-rich, 7% are S-type sources, and the chemical-type of 2 sources is unclear; about 55% of the late type variable stars are Miras, 25% are semi-regular, 11% are OH/IR stars, one variable is irregular, another is a RV Tauri variable, and one source remains unclassified. We note that these numbers do not reflect the true statistics among evolved stars. To optimize the observational strategy, sources had to be also selected according to the C, e-pAGB? V CrB C, Mira Notes. The sources were selected to cover the large diversity of AGB and early post-AGB (e-pAGB) types. When known, we specify the chemical type (O, C and S) , the variability type if they are variable sources [Mira, semiregular (SRa, SRb, SRc or SR?) , RV Tauri variable (RVa) or irregular (Lb)], and other relevant characteristics, as if they are OH/IR, early post-AGB sources (e-pAGB) or unclassified (?).
envelope size estimates obtained from earlier surveys. With the exceptions of WX Psc, IK Tau, LP And and CIT-6, for which we have observed a moderately larger field in the mosaic mode, all other sources were selected to fit the field of view of the PdBI antennas, i.e., the CSEs had to be smaller than 22 , the size of the primary beam at the frequency of the CO J = 2−1 line. The mosaicing in four sources were included to provide a deeper and differentiated view of the mass loss processes in some stars. The selection of the sample was hence considerably constrained by the information provided from previous CO observations and, particularly, by the estimated CSE angular sizes.
We mapped the emission of the 12 CO J = 2−1 rotational transition at 1.3 mm (230.538 GHz) and the 12 CO J = 1−0 at 2.6 mm (115.271 GHz) in each of the 45 sources of our sample. The complementarity of the two lines is crucial to model the gas excitation conditions in the CSEs, as well as for determining their physical properties. Since the CSE emission is often optically thin in the 12 CO J = 1−0 transition, this line is usually the best tracer of the gas mass. On the other hand, while the 12 CO J = 2−1 emission is usually brighter in the CSEs by a factor of 2 to 5, its higher opacity often prevents the characterization of some parts of the envelopes. However, observations at the frequency of the J = 2−1 line provide twice the angular resolution, compared to those at the J = 1−0 line frequency, and are hence better suited to trace the presence of warm gas in the innermost regions of the CSE.
Model comparisons will be carried out in the uv-plane for envelopes with spherical symmetry (a method similar to that used by Schöier et al. 2004 ) and in the image plane for envelopes that present clear signs of departure from spherical symmetry (as e.g. in Bujarrabal et al. 1998) or a highly clumped medium (Olofsson et al. 1996) . When available, additional highexcitation CO lines are taken into account to further constrain the models.
We present the data obtained with the IRAM telescopes for a first subsample of 16 sources 1 (see Table 1 ). The other subsamples will be published in forthcoming papers.
1 Available in the IRAM's web pages, Science Users section.
Observations
Interferometric observations of the CO J = 1−0 and J = 2−1 lines were carried out with the IRAM interferometer at Plateau de Bure, France (Guilloteau et al. 1992 2 ). Because a large fraction of the emission from extended CSEs is filtered out by interferometers (see Fig. 1 in Castro-Carrizo et al. 2007 ), complementary short-spacing observations were performed with the IRAM 30 m telescope at Pico Veleta, Spain (Baars et al. 1987 2 ). The observations presented here were carried out in different sessions taking place from June 2004 to May 2006. The source positions used for the observations were deduced from existing maps at various wavelengths (also needed for the sample selection; Sect. 2), and are found to be precise by < ∼ 1 with respect to the source central coordinates deduced from the COSAS maps (given with the description of each map).
Observations with the IRAM PdBI
The interferometer consists of six antennas, each 15 m in diameter. Until September 2005, the array configurations (labeled p in Table 2 were providing baselines ranging from 15 m to 408 m. From then on, observations were performed with new configurations including baselines up to 760 m. Until September 2006, observations (labeled q in Table 2 ) at the frequencies of the CO J = 1−0 and J = 2−1 lines were carried out simultaneously. The receivers were tuned to single side-band (SSB) operation at 115.271 GHz yielding T sys of 200 K in winter and 300 K in summer conditions, and were tuned to double side-band (DSB) operation at 230.538 GHz providing T sys of 400 to 500 K in reasonable winter conditions. Starting in January 2007, new sensitive dual-polarization receivers are operating in the two frequency bands. The new receivers are tunable SSB at both frequencies with T sys in the 170 to 180 K range at 115.271 GHz, and in the 200 to 250 K range at 230.538 GHz, but they cannot be operated simultaneously at the two frequencies.
Most of the observations were carried out in track-sharing mode, i.e., by cyclically observing two sources within the same track, and in two different array configurations. For instance, χ Cyg and IRAS 20028+3910 were observed together in the C and D configurations of the array by switching every 10 min between the sources. Five sources out of 45 have not been observed in this mode: R Hya was tracked separately because of its low declination, and WX Psc, IK Tau, LP And and CIT-6 (see Sect. 2) were observed in the mosaic mode (multiple pointings per source) because of the large angular sizes of their CSEs. Two strong radio sources were observed every ∼20 min to calibrate the source's phase and amplitude in time. Pointing and focus were verified and readjusted every ∼40 min. A bright quasar was systematically observed to calibrate the receiver bandpass. MWC 349's flux density, which is extremely stable at millimeter wavelengths, was observed most of the time to bootstrap the absolute flux density scale: a flux density of 1.30 Jy was adopted at 115.271 GHz and 1.98 Jy at 230.538 GHz. To ensure the calibration of tracks for which MWC 349 was not available, strong quasars were used, whose flux densities were regularly monitored with the PdBI. All in all, we estimate the uncertainties in the absolute flux calibration to be less than 10% for observations performed in the 12 CO J = 1−0 line and less than 20% in the J = 2−1 line.
The visibilities were calibrated in the standard antenna-based mode with CLIC 3 , the data calibration and reduction package developed at IRAM for the PdBI. The quality of the data calibration and imaging were systematically assessed by using standard CLIC and MAPPING procedures, and also by performing verifications on the data obtained for the respective phase calibrators, in the uv and image planes.
For all sources, estimates of the continuum emission were obtained by removing spectral channels in the J = 2−1 and J = 1−0 line emission windows. Up to September 2006, the correlator was configured to observe a 580 MHz band at 115.271 GHz and twice as much bandwidth at 230.538 GHz. Later on, the correlator was configured to cover a maximum bandwidth of 2 GHz. We verified that no line emission was included in the bandwidth considered for the continuum estimate. When continuum emission was detected, continuum flux densities derived from fitting the uv-plane data are reported in the individual source description sections and in Table 5 . For the four sources observed in the mosaic mode, the continuum flux density analysis was performed in the image plane.
Short-spacing observations with the IRAM 30 m telescope
We performed short-spacing observations in the 12 CO J = 1−0 and J = 2−1 lines with the IRAM 30 m telescope to recover the large-scale source structure when it was filtered out by the interferometer, which applies to many of the sources in our sample. To measure the visibilities at uv-distances shorter than the minimum projected distance between two interferometer antennas (15 m), we carried out single-dish observations 1) in on-the-fly (OTF) mode to cover ∼100 wide fields; 2) in raster-mode to map ∼35 fields at 1.3 mm; and 3) toward the center of the CSEs when they were not resolved by the beam of the 30 m telescope. Note that in the last case we only recover the flux density at zero-spacing. The A100 and B100 receivers were tuned to the frequency of the 12 CO J = 1−0 line and operated simultaneously with the A230 and B230 receivers to observe the J = 2−1 line. Two independent backend systems were working in parallel: a filterbank with a spectral resolution of 1 MHz (2.6 km s −1 at 2.6 mm), and VESPA, an auto-correlator providing a resolution of 40 kHz and 80 kHz at 2.6 and 1.3 mm, respectively.
To ensure an accurate and consistent calibration of the single-dish data, line emission spectra were observed in addition towards the central position of CW Leo or AFGL 2688. The data were calibrated with CLASS 3 , gridded to generate channel maps, deconvolved to create pseudo-visibilities and finally merged with the interferometric data. To provide consistent datasets, the centers of the OTF fields were realigned to the phase-tracking center of the interferometer when significant residual pointing errors were found. As the filterbank was generally found to provide better noise performances than VESPA, most of the maps result from merging interferometric and filterbank data. The VESPA data were combined only when a higher velocity resolution was necessary. Prior to merging, the filterbank data were made to match the correlator's apodization filter profile in use at the interferometer.
Merging short-spacing and interferometric data
The merging of the 30 m telescope data and the PdBI visibilities was made with the MAPPING software package 3 . The single-dish and the interferometer calibration models were found to provide consistent visibility amplitudes at uvdistances near the minimum interferometer antenna spacing (15 m) for all sample targets. For this reason no additional flux scale factor was applied.
The 12 CO J = 1−0 and J = 2−1 channel maps are presented in a figure per source. For most of the sources they were obtained by merging single-dish and interferometric data. Continuum maps are presented in the last panel following the channel maps, often with a zoomed-in (×2) field of view. The widths and position angles (PA) of the resulting synthesized beams are given in the figure captions. The interferometric visibilities were resampled from the initial 0.2 km s −1 (J = 2−1) and 0.4 km s −1 (J = 1−0) resolutions differently for each source, in order to optimize for each case the data presentation, in terms of sensitivity and spectral information. The imaging of merged data is usually more complex than the imaging of interferometric data. Even if both datasets are found to be consistent within the calibration uncertainties and are comparable in sensitivity, an uneven sampling of the uv-plane and a strong imbalance between single-dish and interferometer flux densities are major difficulties in achieving high imaging fidelity. The issue is the more critical the more emission is filtered out by the interferometer (Figs. 27 and 28) .
The CLEANing process is already complex when the interferometric maps are limited in the dynamic range, but it becomes even more complex in the presence of weak extended structures (halos). The main difficulty arises because short-spacing data generate significant secondary lobe information that undermines the effectiveness of the deconvolution algorithm. But even when the interferometric maps are not limited in the dynamic range, there is added complexity if the emission region is close in size or somewhat larger than the PdBI primary beam -this is a recurrent issue when observations are not carried out in the mosaic observing mode.
The 30 m single-dish data were converted to short-spacing visibilities (or pseudo-visibilities) and corrected for the primary beam of the 15 m antennas. To highlight CSEs whose maps may be of critical extent, the size of the PdBI primary beam at halfpower is plotted in the last channel map of each line, when the observations were performed by a single pointing of the interferometer. Note, however, that contrary to maps of a single interferometric field, maps obtained in the mosaic observing mode (e.g., WX Psc and IK Tau in this paper), are already corrected for the primary beam attenuation of the 15 m antennas.
Because of the difficulties in the imaging of extended structures, but also because of excitation considerations, the 12 CO J = 1−0 line is often a better tracer of the outermost circumstellar regions. While 12 CO J = 2−1 observations provide higher spatial resolution and are better suited to study the higher excitation regions, part of the J = 2−1 emission is often optically thick. Therefore, 12 CO J = 1−0 and J = 2−1 emission provide complementary information, which is needed to better constrain the temperature of the molecular gas and, therefore, its excitation conditions (see e.g. Schöier & Olofsson 2001) .
Several CLEANing methods were compared with each other to assess the algorithm accuracy in the image reconstruction process. CSEs larger than 10 were mapped and cleaned with the HOGBOM (Högbom 1974) or the SDI (Steer et al. 1984) algorithms. While HOGBOM tends to enhance clumpiness in rather uniform and large brightness distributions, SDI is less well adapted to deconvolve clumpy and inhomogeneous structures. SDI is less sensitive to fractal distribution, but also less robust than HOGBOM. For this reason, most of the maps presented here were cleaned with the HOGBOM algorithm. Only in the few cases that suggested a spurious level of clumpiness (e.g., for RX Boo), the image deconvolution was made with SDI, after checking the consistency of the results with respect to those obtained with HOGBOM. (The differences obtained with these methods can be seen by comparing the low-brightness contours of Figs. 17 and 18.) Integrated spectra are shown in Figs. 27 and 28. They present the spatially integrated intensities obtained from the merged maps (solid black lines), the intensities observed at the source center with the 30 m telescope (dashed red lines), and the intensities spatially integrated over the observed OTF field (dashed blue lines) when they appear to be higher than the intensities observed in the merged data. This is mainly the case for the J = 2−1 line because of the smaller primary beam of the interferometer (of ∼22 in diameter at half power). To analyze the size of the envelopes we systematically compared the size of the merged J = 2−1 map emission with the size derived from the single dish data alone and from the merged J = 1−0 maps (considering the different beamsizes). Conclusions are drawn in the sections devoted to individual sources, and in Sect. 5, where the results are compared with the predictions of the photodissociation models. Improved estimates of envelope sizes, based on detailed excitation analysis of the data, will be provided in forthcoming papers.
Results and first analysis

AGB stars
From previous observations it has become clear that what can be called an overall spherical symmetry is generally dominating the larger scale structures seen in AGB CSEs (e.g., arcs and halos). However, there are also observations of a few AGB stars where the stellar wind more resembles a bi-polar outflow.
Clear indications of departures from a smooth wind in terms of a relatively highly clumped medium are readily detected in observations at high angular resolution. It is not clear whether the clumps reflect inhomogeneities present already early, e.g. in the wind-accelerating zone at a distance of a few stellar radii from the star (as indicated by maser observations), or develop from instabilities (Rayleigh-Taylor, Kelvin-Helmholtz, thermal, or gravitational instabilities Myasnikov et al. 2000 in an initially relatively smooth wind.
WX Psc
WX Psc (IRC +10011) is an M-type (O-rich) Mira variable and an OH/IR star, with a period of 660 days and for which a massloss rate of 4 × 10 −5 M yr −1 was estimated (see Table 3 for more details).
The interferometric observations of WX Psc were carried out in June and November 2004 in the most compact array configurations. A mosaic consisting of nine fields equally spaced on a circle 13 in radius, and spanning an area of ∼70 and 48 in diameter (within the fields primary beam at half power) was observed at 2.6 mm and 1.3 mm, respectively. OTF observations of a square 90 -wide field were performed with the 30 m telescope to recover information on the spatial structures filtered out by the interferometer. Other details about the observations and data reduction can be found in Sect. 3 and in Table 2 . The maps resulting from merging the interferometer and single dish data are shown in Fig. 1 .
Continuum emission was tentatively detected at 2.6 mm at the 3σ level, with σ = 1.6 mJy beam −1 . The center of the continuum emission map lies close to the peak of the 12 CO J = 2−1 emission, which suggests a positional coincidence with the geometrical center of the CSE. At 1.3 mm no continuum could be detected at the 3σ limit, with σ = 6.1 mJy beam −1 .
Both the 12 CO J = 1−0 and J = 2−1 emission maps show a CSE elongated along an axis oriented at PA = −45
• (measured from North to East). The emission from the innermost regions looks compact in the ∼4 beam. A large difference is observed in the size of the extended halo at 2.6 mm and 1.3 mm. Data modeling will clarify if such a difference is due to the gas excitation conditions, or if the lack of emission in the outer regions is driven in part by sensitivity limitations (Schöier et al. in preparation) .
The axisymmetry detected in the outermost circumstellar regions is similar to that seen in the optical by Mauron & Huggins (2006) and by Sahai et al. (2007a) at much smaller angular scales, < ∼ 0.9 . VLT data obtained by Mauron & Huggins (2006) show a rather circular envelope of ∼10 in size. This also seems in agreement with our CO line maps, where the elongation is only detected at distances larger than 20 , probably due to an enhancement of apparent asymmetries in the outer shells because of the lower line opacity in these regions or a selective photodissociation of less dense gas. 
IK Tau
IK Tau is a well-studied M-type Mira variable with a period of 500 days, and with a mass-loss rate of 1 × 10 −5 M yr −1 (see Table 3 for more details).
Mosaic observations (equal to those in WX Psc, see Sect. 4.1.1) were performed in IK Tau between December 2004 and August 2005, with the array in the most compact configurations. These observations were complemented with OTF data obtained with the 30 m telescope on a square field of 110 . Other details about the observations and data reduction are given in Sect. 3 and in Table 2 . The maps resulting from the merging of the interferometric and single dish observations are shown in Fig. 2 . IK Tau's continuum emission was found to be centered at RA 03:53:28.907, Dec +11:24:21.84 (J2000), which corresponds to the brightness peak of the 12 CO line emission for most of the channel maps. The continuum flux densities were found to be 9 ± 1 mJy and 28 ± 2 mJy at 2.6 mm and 1.3 mm respectively. The interferometric maps, however, suggest that the peak of the continuum emission is not spatially coincident with the centroid of the outer-shell line emission. Although the PdBI and 30 m telescope sample different spatial structures, they both detect a western elongation: while the central 12 CO J = 1−0 maps (Fig. 2) bear evidence of large-scale emission stretching out along the western outer-shell regions, the J = 2−1 interferometer maps detect 2−3 emission extending westwards of the innermost regions. Also, note a small offset of ∼0. 5 in the position of the CO J = 2−1 peak at the central channels.
There is evidence for a lack of compact emission at about 17 km s −1 (LSR) in the 12 CO J = 2−1 maps. We can see this in the interferometric spectrum (Fig. 4) and it is somewhat less visible in the merged higher spectral resolution data (Fig. 3) . The most likely explanation is self absorption in the line of sight, • , and is drawn in the bottom-right corner of the two last panels. The map center coordinates are RA 03:53:28.907, Dec +11:24:21.84 (J2000).
i.e. gas in the outer regions of the expanding envelope absorbs blue-shifted emission generated in the inner layers. This was also the conclusion drawn by Schöier et al. (2006a) , who found a similarly narrow self-absorption feature in SMA observations of the SiO line emission towards the CSE around IRC+10216. This indirectly testifies to the presence of warm molecular gas in the inner regions, and it is even more compelling that it is not visible in the 12 CO J = 1−0 line in the case of IK Tau. . The latter are shown scaled for comparison. The widths at zero-power of the J = 2−1 and J = 1−0 lines appear to be similar for IK Tau. Self-absorption is well detected in the CSEs of both stars, i.e., blueshifted J = 2−1 emission from warm gas in the inner CSE regions is partly absorbed in the outer layers. In χ Cyg small wings are detected at zero-power in the J = 2−1 line.
Note that there is a change in the position of the J = 2−1 blue-shifted emission (Fig. 3 ) at ∼15 km s −1 , which is positionally rather coincident with a drop in emission at 19 and 21 km s −1 . The warmer inner regions whose emission is absorbed by cooler gas in the outer circumstellar layers therefore appears aspherical, perhaps moving slightly faster than the outermost components (since we assume radial expansion for all components).
For IK Tau the halo sizes are also significantly different in the J = 1−0 and J = 2−1 transitions. Note that the channel maps are all corrected for primary beam attenuation. Future modeling will show if this difference is due to excitation conditions or limited by the sensitivity of the observations.
TX Cam
TX Cam is an M-type Mira variable with a period of 557 days and a mass-loss rate of 7 × 10 −6 M yr −1 (see Table 3 for more details).
The interferometric observations of TX Cam were performed in November and December 2005 in the most compact array configurations. TX Cam was observed in track-sharing mode together with IRAS 06192+4657, which will be published in a forthcoming paper. OTF observations of a square 110 -side field were performed with the 30 m telescope. Other details about the observations and data reduction are given in Sect. 3 and in Table 2 . The data resulting from merging the interferometric and single dish observations are shown in Fig. 5 .
The continuum emission was found to be centered at RA 05:00:51.157, Dec +56:10:54.00 (J2000). The derived continuum fluxes are 10.1 ± 0.6 and 24.5 ± 0.9 mJy at the frequencies of the J = 1−0 and J = 2−1 transitions, respectively. The continuum position is coincident with the 12 CO emission peak at the highest expansion velocities where the emission is more compact. For the central velocity channels the emission seems to be distributed in a hook-like structure, well detected at 14 km s −1 . Although the structure of the CSE around TX Cam appears to be round, signs of asphericity are observed at different scales. The innermost regions show the presence of a conspicuous hooklike structure, well resolved in the J = 2−1 line. The elongation of the J = 2−1 emission in the outermost layers towards the southeast and to the northwest seems consistent with the hooklike (helicoidal) structure observed in the innermost and also outer regions, in both the 2.6 mm and 1.3 mm maps. This elongation, however, can only be understood as part of a larger halo. The halo seen in the central channels of the 12 CO J = 1−0 and J = 2−1 maps shows an extension towards the north/northwest (where an arc seems to have formed) and the southeast. Figure 6 shows an overlay of the 12 CO J = 1−0 and J = 2−1 emission, which provides a good view of the circumstellar gas distribution around TX Cam. The brightest 12 CO J = 2−1 emission mapped with the interferometer (which provides the highest resolution) is plotted together with the lowest-brightness contours from the 12 CO J = 1−0 data shown in Fig. 5 (which best traces the halo extent). When convolving the 12 CO J = 2−1 data with the synthesized beam obtained for the J = 1−0 transition both morphologies look very similar, except for the outer halo regions. All maps are affected by the primary beam attenuation, since the molecular emission in TX Cam is extended beyond the field of view of the PdBI antennas. The J = 2−1 single-dish maps suggest a halo around TX Cam as large as the one observed in the merged J = 1−0 data ( Fig. 5 ) but no trace of it is left in the merged maps. When comparing the single-dish and merged data (see Fig. 27 ) we see that a significant part of the halo emission is not present in the merged maps due to the limited field of view of the PdBI antennas. This has consequences for the mapping quality and reduces the confidence level by which the outer structures can be reliably mapped , 7, 11, 23, and 35σ , and from there with a spacing of 21σ and with σ = 9.6 mJy beam −1 . In the channels labeled "c" in the bottom-left corner, contours at 15 and 19σ are also plotted. Negative contours are dashed and start at −3σ. The panel in the bottom-right corner shows the continuum emission with contours starting at 3σ, in steps of 6σ, with σ = 0.54 mJy beam −1 . The synthesized beam is 4. 7 × 4. 5 at PA = 177
• , and is drawn in the bottom-right corner of the two last panels. (Bottom) CO J = 2−1: contours are plotted from 7σ with a spacing of 12σ and with σ = 17 mJy beam −1 . In the panels labeled with "c" in the bottom-left corner an additional contour is plotted at 3σ. Equivalent negative contours are plotted with dashed lines. The last panel shows the continuum emission with contours from 3σ, a spacing of 6σ, with σ = 1.0 mJy beam −1 . The synthesized beam is 2. 0 × 1. 8 at PA = 46
• , and is drawn in the bottom-right corner of the two last panels. The primary beams are plotted at half power, in dotted lines, in the last panels of the channel maps. The map center coordinates are RA 05:00:51.157, Dec +56:10:54.00 (J2000).
to the 7σ threshold level. Note that Fig. 27 shows the 4 km s resolution spectrum provides enough resolution to identify velocity channels affected by interstellar gas along the line of sight. 
RX Boo
RX Boo is an M-type semiregular variable (SRb) with a period of 340 days and a mass-loss rate of 5 × 10 −7 M yr −1 (see Table 3 for more details).
The interferometric observations of RX Boo were performed in June and November 2004 with the most compact array configurations. RX Boo was observed in track-sharing mode together with S CrB, whose data will be presented in a forthcoming paper. We performed OTF observations of a square 90 -size field with the 30 m telescope. Other details about the observations and data calibration are given in Sect. 3 and in Table 2 . Following the CLEANing procedure described in Sect. 3.3, we show in Fig. 7 the SDI-cleaned maps resulting from merging interferometric and single-dish observations. Compared to HOGBOM, the SDI algorithm is less prone to produce spurious halo fragmentation (which was specially significant in the J = 2−1 maps).
The derived continuum fluxes of RX Boo are 7 ± 1 and 20 ± 3 mJy at 2.6 and 1.3 mm, respectively. The emission at 1.3 mm was found to be centered at RA 14:24:11.626, Dec +25:42:13.18 (J2000). This is close to the CO J = 2−1 emission peaks but does not match the position of the peaks observed in the CO J = 1−0 maps. Although the maps obtained for both CO lines show similar structures, the J = 2−1 emission from the innermost CSE regions is likely to be affected by a higher line opacity. The J = 1−0 data hence seem to better reveal the actual CSE mass distribution.
The CO line emission found in RX Boo shows axial symmetry, with a symmetry axis at PA ∼ 50
• . In the central CO J = 1−0 channel maps, between 0 and 2 km s −1 , we can see a structure elongated perpendicularly to the symmetry axis. This elongation is more obvious in the J = 2−1 channel maps with velocities between −4 and 8 km s −1 . From +4 to 8 km s −1 , the CO J = 1−0 peak emission is displaced toward the northeast along the symmetry axis, forming an arc-like structure at ∼5−7 from the center. At 10 km s −1 the emission peak is slightly displaced to the southwest along the symmetry axis. A counterpart of this structure is also seen at blue-shifted velocities: a southwest displacement from −6 to −2 km s −1 , followed by a northeast offset at −8 km s −1 . In Fig. 8 we present a position-velocity (P-V) diagram along the symmetry axis is presented. Arrows indicate the position of the highest-velocity emission. This distribution in position and velocity resembles that seen in the central part of several post-AGB CSEs (see e.g. Castro-Carrizo et al. 2002; , and also in X Her (Sect. 4.1.5). In those cases, we identify an hour-glass structure in expansion, sometimes rather a ring or disk-like structure, more or less embedded within a more extended rounded CSE. The components identified at the highest-velocities in most pPNe (e.g. Castro-Carrizo et al. 2002) , which come from fast moving extended lobes, are not detected for RX Boo though. A specific modeling is needed to draw firmer conclusions about the mass distribution in the CSE around RX Boo, and particularly to conclude about the presence of expanding lobes, or merely an equatorial mass loss enhancement.
Finally, the extension of the halo imaged in J = 2−1 line emission (see Fig. 7 and also Table 4 ) is constrained by the primary beam attenuation. This may also be the case for the J = 1−0 maps, but to a lesser degree. In Fig. 27 we can see that the profile obtained by integrating the single-dish emission (in blue) is much higher than the one obtained from merged maps (in black).
X Her
X Her is an M-type semiregular variable (SRb) with a period of 95 days. Previous CO data show a composite line profile, with a narrow spectral feature centered on a broader component (Kahane & Jura 1996; Kerschbaum & Olofsson 1999; Knapp et al. 1998; Olofsson et al. 2002) . High-resolution data indicate that the broad emission plateau arises from a bipolar outflow, while the narrow emission feature comes from a disk, which was interpreted to be in rotation (Nakashima 2005) . Mass-loss rates of 1.5 and 0.4 × 10 −7 M yr −1 were deduced for the broad and narrow components (see Table 3 for more details).
The interferometric observations of X Her were performed in February and March 2005 in intermediate configurations of the PdBI, and were carried out in track-sharing mode together with IRAS 23321+6545 (Sect. 4.2.4). OTF line observations of a square 110 -wide field were performed with the 30 m telescope. Other details about the observations and data reduction are given in Sect. 3 and in Table 2 .
The maps resulting from merging interferometric and single dish observations are shown in Fig. 9 . The single-dish J = 2−1 data lacked sensitivity to achieve proper merging with the PdBI visibilities. Imaging was difficult enough that we caution against over-interpreting extended emission features (at the 6 × σ level) visible in the three central channels of the 12 CO J = 2−1 maps (Fig. 9 , marked c in the bottom-left corner). The distribution found for the other channels is however consistent with that obtained for 12 CO J = 1−0, confirming the circumstellar structure obtained in the 12 CO J = 2−1 line. We detected continuum emission in the interferometric data at 2.6 and 1.3 mm. By fitting in the uv-plane the more sensitive 1mm visibilities, we found that the continuum emission is centered at coordinates RA 16:02:39.14, Dec 47:14:25.55 (J2000). • . The primary beams are plotted at half power, in dotted lines, in the last panels of the channel maps. The map center coordinates are RA 14:24:11.626, Dec +25:42:13.18 (J2000).
The continuum flux densities are 2.8±0.4 mJy and 13.5±0.6 mJy at 2.6 and 1.3 mm respectively.
The structure obtained in 12 CO J = 1−0, confirmed by the 12 CO J = 2−1 data, is axisymmetric, even more clearly than for RX Boo (Sect. 4.1.4). A position-velocity (P-V) gradient was already detected by Kahane & Jura (1996) and Nakashima (2005) . Our maps show for the first time an hourglass structure similar to that seen for M 2-56 (Castro-Carrizo et al. 2002) , except for the lobes' tips that are not seen in X Her. At the systemic velocity of −73 km s −1 , we see a disk-like distribution perpendicular to the symmetry axis. At the expansion velocities from −81 to −79 km s −1 and from −65 to −67 km s
we see parts of the expanding hourglass with higher projected velocities. Arc-like distributions are seen opening outwards in these channels, corresponding to the inner parts of the lobes. No other faster components are detected. At lower expansion velocities, from −77 to −75 km s −1 for the westernmost lobe, and from −69 to −71 km s −1 for the easternmost one, the hourglass structure is clearly seen, depending on the projected velocity of the different parts of the walls of the hourglass. Similar structures are observed and modeled in the early post-AGB CSEs of 89 Her ) and, as mentioned before, M 2-56 (Castro-Carrizo et al. 2002) . These two objects have very different symmetry-axis inclinations with respect to the sky plane. By comparison, the CO distribution in X Her suggests a relatively low inclination angle, but proper modeling is needed to corroborate this conclusion.
In Fig. 27 we show the spectra obtained from our observations. The merged data are presented with solid lines, and the profiles obtained at the source center with the 30 m single-dish are shown with dotted lines. To avoid introducing artifacts in the profiles due to the CLEANing procedure, the merged-data profiles were obtained directly from the uv-data.
The P-V diagram along the symmetry axis, at PA = 45
• (see Fig. 10 ), resembles that obtained for M 2-56, or to the central part of that of M 1-92 (Alcolea et al. 2007 ). The diagram obtained along the perpendicular axis, at PA = −45
• , shows that we do not detect any decrease in brightness in the center with the spatial resolution we have in this direction (∼1.6 ). If we assume an expansion velocity of 5−10 km s −1 for the remnant of the AGB CSE, this would indicate that mass loss was active until at least 100 yr ago (where we took as spatial limit the spatial resolution, at a distance of 140 pc). With the current data, and without a detailed modeling, we cannot relate the presence of the axial molecular gas distribution to the end of the mass-loss phase in X Her.
The kinematics deduced from our maps are dominated by the axial gas distribution. Deducing an expansion velocity for a possible remnant of a previous spherical AGB wind is not straightforward. If we assume that the narrow central component of the CO profiles comes from the remnant of a spherical AGB outflow, we deduce an expansion velocity for the spherical AGB wind of ∼5 km s −1 , which is a relatively low value (see e.g. Bujarrabal et al. 2001) .
Finally, no rotating disk is detected in our data, contrary to what was suggested by Nakashima (2005) , who deduced the presence of a Keplerian disk of ∼6 in diameter from a brightness distribution compatible with our data. The CO data presented here confirm that the structure seen by Nakashima (2005) belongs to an expanding bipolar distribution, as was also alternatively mentioned in their paper. If a Keplerian disk would exist, we estimate that it should be smaller than 2 .
CRL 2362
CRL 2362 is an OH/IR star with a mass-loss rate of 1.9 × 10 −5 M yr −1 (see Table 3 for more details). It was detected in OH at 1612 MHz by Silverglate et al. (1979) .
CRL 2362 was observed in the track-sharing mode together with V CrB in intermediate array configurations, in December 2004 and March 2005 . A 3 × 3 points map was observed with the 30 m telescope to cover a field of ∼35 in size at 1.3 mm. Four additional points were observed outside this region to ensure that no emission is detected outside the observed field. Other details about the observations and data calibration are given in Sect. 3 and in Table 2 . The imaging of the merged data was difficult for CRL 2362, specially for the J = 2−1 data. The contrast of weights between both data sets made it impossible to recover all the flux filtered out by the interferometer in the merged data, which is actually relevant for the J = 2−1 channel maps (see Fig. 27 ). The resulting maps from the merged data are shown in Fig. 11 .
In Fig. 27 we show the profile (solid black line) obtained from the single-dish observations at zero spacing, after merging with the PdBI data. This corresponds to the integrated flux within the PdBI primary beam. In solid red line we show the flux integrated in the merged data maps, which allows us to quantify the amount of flux present in the final maps (Fig. 11) . The large loss of flux in the maps shows the difficulties to merge interferometric and single-dish data in the case of CRL 2362. Finally, the profile obtained with the 30 m telescope at the source center (red dotted line) shows that a significant part of the emission is more extended than the 30 m telescope beam at 2.6 mm.
The emission shown in Fig. 11 is relatively compact, which is likely due to some extended emission, which remains undetected in the J = 2−1 channel maps. In addition, no continuum is detected within a 1 sigma noise level of 0.3 and 0.6 mJy beam −1 at 2.6 and 1.3 mm, respectively.
χ Cyg
χ Cyg is an S-star Mira variable with a period of 407 days and a mass-loss rate of 5.0 × 10 −7 M yr −1 (see Table 3 for more details).
The Table 2 . The CO maps resulting from merging interferometric and single dish observations are shown in Fig. 12 . • . Contours are equivalent to those shown in Fig. 9 . The angular size of the outermost regions detected in the 12 CO J = 1−0 and J = 2−1 maps seems to be similar to the size of the PdBI primary beam at half power, which is certainly because the maps are not corrected for the primary beam attenuation. Modeling the data, and particularly the 30 m-telescope 100 -field data, will allow us a better estimate of the size of this CSE.
We slightly resolved the 1.3 mm continuum emission (Fig. 12) . The continuum centroid seems to coincide with the line emission centroid at the map center, with coordinates RA 19:50:33.907, Dec 32:54:50.40 (J2000). The peak of the continuum emission is slightly shifted however (at a [0.2 ,0.2 ] offset) toward the position at which we detect the CO emission at the highest expansion velocities. The continuum in χ Cyg is particularly bright compared to the other stars shown in this paper, with a total of 15.8 ± 0.7 mJy and 65 ± 3 mJy, at 2.6 and 1.3 mm respectively. These results are obtained by fitting the data in the uv-plane with an elliptical Gaussian with a size of 0. 9 × 0. 7 (±0.07 ) at PA = 56
The line emission in the central channels peaks at the map center. At the highest expansion velocities, the 12 CO emission is however slightly displaced with respect to the map center. This can be better seen in Fig. 13 , where the highest expansionvelocity channels are presented with 1 km s −1 resolution. At velocities between −3 and 0 km s −1 the emission is coming from an elongated region displaced ∼3 eastwards from the brightness peak observed between 2.5 and 3.5 km s −1 . At 3.5 km s −1 , at an offset of ∼[3 ,3 ] we see a significant relative minimum in both CO lines. We could speculate that this is due to the presence of a higher excitation region within the CO envelope where CO may be dissociated. Note that the high velocity emission seen at ∼0 km s −1 is detected close to this position, but not coincident with it.
We also notice that compact 12 CO J = 2−1 emission is not detected between 0.5 and 2.5 km s −1 . In particular, we see at −0.5 km s −1 that the compact J = 2−1 emission is much brighter than at 0.5 km s −1 . Also the line profile obtained from the interferometric data (which is sensitive to compact emission) presents a minimum at these velocities (see Fig. 4 ). Note that no ISM contribution is detected in the single dish 2.6 mm observations. The emission minimum at ∼0.5 km s −1 probably results from CSE self absorption, i.e. from absorption by CO molecules in the outer layers with relatively low excitation (see Sect. 4.1.2). Also, a counterpart of the elongation seen at ∼−1 km s −1 in the CO J = 2−1 emission may exist at redshifted velocities, between 18 and 21 km s −1 , mainly in the CO J = 1−0 emission (see Fig. 13 ). We do not see a unique symmetry axis for all the mentioned features. The CO emission detected at higher expansion velocities in both lines seems to be elongated along axes of PA from 30
• (at 19.5 km s −1 ) to 85
• (at −0.5 km s −1 ). This is compatible with the small elongation found in the 1.3 mm continuum and with the brightness minima detected at ∼3.5 km s −1 . Based on this, we speculate that there may be aspherical winds developing within the large CSE of χ Cyg.
The mapping of χ Cyg's extended envelope is limited by PdBI's primary beam attenuation, more severely at 1.3 mm, as we can deduce by comparing the blue and black profiles in Fig. 27 . A better estimate of the envelope size can be made by analyzing the OTF maps (see Table 4 ). We deduce that χ Cyg extends > ∼ 100 , at least for the coolest gas component detected in the CO J = 1−0 maps.
V Cyg
V Cyg is a carbon-rich Mira variable with a period of 421 days. The mass-loss rate estimated to be 9.0 × 10 −7 M yr −1 (see Table 3 for more details).
The PdBI observations of V Cyg were performed in June and November 2004 with the most compact array configurations, in track-sharing mode together with IRAS 21282+5050 (Sect. 4.2.3). OTF observations in a square 90 -size field were obtained with the 30 m telescope. Other observational and calibration details are given in Sect. 3 and in Table 2 . The maps resulting from merging interferometric and single-dish observations are shown in Fig. 14. The CO J = 2−1 extended emission presents an axisymmetrical triangular shape along an axis of PA ∼ −45
• . In the J = 1−0 line this elongated shape is less pronounced, but appears in the outermost regions. In contrast, the CSE innermost regions seem to be rather spherical. In addition, we find interstellar contamination at velocities between ∼−5 and 1.5 km s −1 , which is more important in the J = 1−0 line (see Fig. 27 ), and also visible in the maps in the northeast of V Cyg.
Line emission is detected up to the primary beam size at half power, which is likely due to that the maps are not corrected by primary beam attenuation. The 30 m-telescope data show that V Cyg's CO emission extends further out than that mapped in Fig. 14. We can see in Fig. 27 that more flux is detected in the single-dish observations, specially in the CO J = 2−1 maps.
The continuum emission is shown in the last panels of Fig. 14. The fluxes 7.2 ± 0.5 and 17.0 ± 0.9 mJy are derived for the continuum at 2.6 and 1.3 mm respectively.
S Cep
S Cep is a carbon-rich Mira variable with a period of 487 days and with a mass-loss rate of 1.2 × 10 −6 M yr −1 (see Table 3 for more details).
The PdBI observations of S Cep were performed between July and November 2004 with the most compact array configurations, in track-sharing mode together with T Cep. OTF observations in a square 90 -size field were obtained with the 30 m telescope. Other details on the observations and data calibration are given in Sect. 3 and in Table 2 . The maps resulting from merging interferometric and single dish observations are shown in Fig. 15 .
The CO J = 1−0 line emission presents a largely circular symmetry in the outermost regions. In the CO J = 2−1 line, the outer halo is not well mapped, due to the limited sensitivity of the merged data. The brightest CO J = 2−1 emission is rather well centered in the channel maps at high expansion velocities, i.e. at the LSR velocities −39 and 9 km s −1 . At all the other velocities the J = 2−1 line emission seems to be elongated, the centroid of the most compact emission being slightly displaced to the southeast. Similar features are observed in the innermost regions of the CO J = 1−0 line emission.
In the spectra shown in Fig. 27 we can see apparent absorptions from ∼−6 to +1 km s −1 . Their larger presence in the CO J = 1−0 maps than in the J = 2−1 ones suggests that this is due to ISM contamination.
Continuum is detected at 2.6 and 1.3 mm, the derived fluxes are 4.6 ± 0.7 and 11.3 ± 1.4 mJy respectively. In the panels marked with c in the bottom-left corner the first four contours are at 4, 12, 20 and 28σ, and from there the spacing is 20σ. Equivalent negative contours are plotted in dashed lines. The last channel presents the continuum emission with a first contour and contour spacing of 3 and 6σ respectively, where σ = 0.4 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 3. 2 × 2. 8 in size, with PA 69
• . (Bottom) CO J = 2−1: contours are plotted from 6σ, with a spacing of 10σ, with σ = 22 mJy beam −1 . In the panels marked with c1 in the bottom-left corner an additional contour is plotted at 3σ. In the panels marked with c2 in the bottom-left corner the first two contours are at 6 and 16σ, from there the spacing is 15σ. Equivalent negative contours are plotted in dashed lines. The last panel presents the continuum emission with a first contour and a contour spacing of 4σ, with σ = 1 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 1. 5×1. 4 in size, with PA 28
• . The primary beams are plotted at half power, in dotted lines, in the last panels of the channel maps. The central coordinates are RA 19:50:33.907, Dec 32:54:50.40 (J2000). 
OH 104.9+2.4
OH 104.9+2.4 is an OH/IR star with a period of 1460 days. The mass-loss rate estimated by Heske et al. (1990) is lower by more than one order of magnitude than the values derived from e.g. OH 1612 MHz emission or IR continuum in OH/IR stars. This will be investigated in more detail in the analysis of the data presented in this paper in a forthcoming paper (see Table 3 for more details about OH 104.9+2.4). The interferometric observations of OH 104.9+2.4 were performed between August and December 2004 with the most compact array configurations, in track-sharing mode together with R Cas (see Sect. 4.1.11). Since a small angular size was estimated for the CSE around OH 104.9+2.4, we only performed observations at the source center with the 30 m telescope (shown in dashed red lines in Fig. 27 ) to recover the zero-spacing flux. Other details about the observations and data reduction are given in Sect. 3 and in Table 2 .
The maps shown in Fig. 16 result from adding the uv-plane zero spacing to the interferometric data. The imaging of the merged data presents almost no difference with respect to the purely interferometric results, except for the channels contaminated by ISM emission (at ∼−23 and −2 km s −1 ). In Fig. 27 we see a global difference of about 30% between single-dish profiles (dashed) and the interferometric data. We cannot easily distinguish between having some flux filtered out by the interferometer and a possible calibration inconsistency between the data sets.
CO emission observed towards OH 104.9+2.4 is relatively compact, extending less than 4 . As mentioned before, we can see ISM contamination at ∼−23 and −2 km s −1 in Fig. 16 . As expected, its contribution is more important in the CO J = 1−0 line than in the J = 2−1 line.
Continuum emission is not detected, as shown in the last panels of the channel maps in Fig. 16 , with σ = 0.65 and 1.4 mJy at 2.6 and 1.3 mm respectively.
R Cas
R Cas is an M-type Mira variable with a period of 431 days and with a mass-loss rate of 9 × 10 −7 M yr −1 (see Table 3 for more details).
The PdBI observations of R Cas were performed in tracksharing mode, with OH 104.9+2.4 (Sect. 4.1.10). OTF observations in a square 90 -size field were obtained with the 30 m telescope. See Sect. 3, Sect. 4.1.10 and Table 2 for more details about the observations and data reduction. The resulting maps are shown in Fig. 17 . The synthesized beam of the J = 2−1 channel maps is increased (by 40%) with some tapering to reduce the clumpiness, which explains the difference to the 1.3 mm continuum-map beam.
Arcs are well detected at the five central channels of the J = 1−0 maps displayed in Fig. 17 . Although these arcs may be part of larger ring-like distributions, we have no clear evidence of complete structures. We note that the arcs seen in the outermost regions, for instance at the systemic velocity, are not equally spaced from the center. Also, the rounded structure seen in the innermost regions of R Cas resembles the hook-like distribution seen in TX Cam (see the J = 2−1 maps in Fig. 5 ).
The presence of arcs, the weak brightness of the extended emission, and the primary beam attenuation make it difficult to map the outermost circumstellar envelope at 1.3 mm. The CO J = 2−1 maps obtained by tapering the original uv-data (shown in Fig. 17) show a brightness distribution compatible with that seen in the J = 1−0 maps. Note that by CLEANing the same data with different methods, including SDI, all the main clumpy features remain (see Fig. 18 ). Finally, we note that the mapping of the most extended CO emission is biased by the PdBI primary beam attenuation, mainly at 1.3 mm, as we can see in Fig. 27 . In the maps the CO J = 1−0 and J = 2−1 line emission is found to be displaced and elongated toward the southeast and the north (rather northwest in the J = 2−1 maps), respectively at high expansion velocities (in the channels at 13 and 37 km s −1 ). We do not have enough sensitivity however to interpret these features.
The last plot of Fig. 18 presents the azimuthally averaged (normalized) brightness from the 2.6 and 1.3 mm maps, at the systemic velocity (25 km s −1 ), as a function of the distance from the central star. In both maps we obtain relative maxima at 6. 2 and 12. 8 from the center. If we adopt a distance of 172 pc and an expansion velocity of 15 km s −1 , these azimuthal-averaged peaks would correspond to time scales of 350 years, possibly indicating modulations of the mass-loss rate on these time scales. We cannot conclude from our maps however if these variations present a perfect spherical symmetry.
Continuum emission is detected, as shown in the last panels of the channel maps in Fig. 17 . By fitting the continuum visibilities in the uv-plane, we obtain the fluxes of 13 ± 0.7 and 45 ± 2 mJy at 2.6 and 1.3 mm, respectively. The 1.3 mm continuum emission is only marginally resolved (0.3 ± 0.1 ). 
Post-AGB objects
Most of the early post-AGB stars present strongly aspherical (often axisymmetrical) CSEs, resulting from the interaction of axial fast winds with the CSE formed in the AGB phase. The COSAS project also aims to find clues to understand the burst of the axial post-AGB winds, which are thought to arise when the AGB phase ends. We hence included in our sample seven wellidentified early post-AGB sources, four of which are presented in this section. Particularly, two of them, IRAS 21282+5050 and IRAS 23321+6545, did not digress so far from spherical symmetry.
IRAS 19475+3119
IRAS 19475+3119 is a post-AGB nebula surrounding a yellow F3Ib star. The absence of OH and H 2 O maser emission suggests that it is C-rich. We will adopt for this source a distance D = 4.9 kpc which is similar to that adopted by other authors (Sánchez Contreras et al. 2006; Sahai et al. 2007b; Hrivnak & Bieging 2005; Bujarrabal et al. 2001) . IRAS 19475+3119 presents a strongly axisymmetric nebula in molecular line emission (Sánchez Contreras et al. 2006) ; its prominent axis, at PA ≈ 80
• , is associated with a fast bipolar outflow with an inclination angle i ≈ 30
• with respect to the plane of the sky. HST images (Sahai et al. 2007b) show also a secondary lobe at PA ≈ −45
• . Sarkar & Sahai (2006) deduced similar values for the extent and CSE total mass based on the analysis of FIR and submm continuum data. (Fig. 28) . The small difference between the J = 2−1 profiles is likely due to an inconsistency in the calibration of the data sets. No significant flux is filtered out by the interferometer. Other details about the observations and data calibration are given in Sect. 3 and in Table 2 .
No continuum emission is detected with rms limits of 0.4 and 0.6 mJy at 2.6 and 1.3 mm, respectively.
The PdBI maps of the 12 CO J = 1−0 and J = 2−1 emission in IRAS 19475+3119 are shown in Fig. 19 . The center of the plots (RA 19:49:29.561, Dec 31:27:16.29) corresponds to the brightest point in the optical. Although in the central channels, at 17 and 21 km s −1 , the shape of the CSE emission is more or less round, the observed CO distribution is strongly axisymmetric according to the presence of two main high-velocity lobes. The CO emission is distributed at different positions along the symmetry axis for different velocities. In the optical (Sahai et al. 2007b) , IRAS 19475+3119 presents a quadrupolar structure resulting from collimated winds along two main axes (see background image in the channel maps). The main axis of the CO distribution is certainly related to the axial symmetry of the most prominent bipolar lobes, seen in the optical with PA = 90
• . We find CO emission at the highest expansion-velocity along these optical structures, as well as emission minima along the axis at the central velocities, from 1 to 37 km s −1 . Curved brightness distributions typical of CO emission from a projected hourglasslike structure are seen at 9 km s −1 and at 25 km s −1 (see e.g. Bujarrabal et al. 1998; Castro-Carrizo et al. 2002) . The positionvelocity (P-V) diagrams along the symmetry axis (PA = 90
• ) and the perpendicular one (PA 0
• ), see Fig. 20 , are very similar to those found in other pPNe presenting axisymmetric distributions (see Bujarrabal et al. 1998; Castro-Carrizo et al. 2002) . In addition, IRAS 19475+3119 presents in the optical (Sahai et al. 2007b) another pair of lobes, aligned at PA = −55
• . In Fig. 19 we find a counterpart in CO of the presence of these lobes with PA = −55
• in the 12 CO J = 2−1 maps at velocities from 13 to 25 km s −1 . CO-rich gas seems to be symmetrically distributed along this axis, and some point-like symmetry is also identified. Although most of the CO emission is within the quadrupolar structure seen in the optical, we also detect emission outside the optical lobes (for instance at the offset position [1 ,2 ] , at velocities from 5 to 29 km s −1 ). In the P-V diagram along the symmetry axis (PA ≈ 90
• ) we see that both brightness peaks are at positive offsets with respect to the center, where the optical peak is. In the P-V diagram along the perpendicular axis (PA ≈ 0
• ) the ring-like structure presents some asymmetry between north and south. Both asymmetries may be related with respect to the assumed optical center to the presence of the secondary lobes (with PA = −55
• ). We cannot discard the possibility of an erroneous assumption in the position of the nebula center by 0. 3. In addition, the optical image at the center may be affected by opacity, which could explain that the optical emission peaks slightly westward with respect to the position of the central star.
By measuring the size of the central ring-like distribution along both axes (projected for the size measured along the symmetry axis and unprojected for the perpendicular one) we can estimate the inclination of this structure with respect to the sky plane by assuming that it is circularly symmetric. If we take the brightness peaks, we find that the inclination (i) of the symmetry axis with respect to the sky plane is 16
• . If the westernmost and southernmost emission shown in the P-V diagrams are affected by other outflows, we estimate an upper limit for i of 40
• . The actual (deprojected) axial expansion velocities would then range from 127 to 54 km s −1 , depending on the value of i. Finally, the density distribution of IRAS 19475+3119 was modeled by Sánchez Contreras et al. (2006) based on previous CO BIMA data. This model seems compatible with our data to a first approximation.
IRAS 20028+3910
IRAS 20028+3910 is a bipolar pPN that extends ∼3 in the optical ) and shows conspicuous arcs mainly illuminated in the axis direction, i.e. at roughly PA ≈ −20
• . There is also a bright bipolar component in the center, extending about 1 [see also HST images by Ueta et al. (2000) and imaging polarimetry by Gledhill et al. (2001) ]. The continuum emission at 1.3 mm is compatible with the extrapolation from the FIR and, therefore, with cold dust emission (Buemi et al. 2007 ). The central star is classified as G4 in the SIMBAD database, but the analysis of the SED by Su et al. (2001) suggests a cooler central star. Because of its featureless IR spectra and lack of molecular line detection (except for CO), the chemistry of this source remains unknown. The axis orientation (with respect to the plane of the sky) was deduced to be ∼60
• by Su et al. (2001) from the fitting of the spectral energy distribution and taking into account the HST images. Hrivnak & Bieging (2005) modeled single-dish CO data to derive a typical mass-loss rate of ∼10 −4 M yr −1 . The PdBI observations of IRAS 20028+3910 were carried out in track-sharing mode with χ Cyg (Sect. 4.1.7). See Table 2 and Sect. 3 for details about the observations and data reduction. The resulting maps are shown in contours in Fig. 21 , superposed on the optical image by Ueta et al. (2000) . The center of the CO maps has been defined to be the position of the peak in the central channels. The coordinates given by Ueta et al. (2000) are accurate to within 1 , so there could be a mistake of ±0. 5 in the matching of optical and radio emission. In any case, given the good agreement between CO and optical data we think the possible matching error must be small.
No single-dish observations were obtained for IRAS 20028+3910. By looking at the PdBI J = 2−1 uv-data we see however that in the central channels (marked with c in the CO J = 2−1 channel maps in Fig. 21 ) the flux increases sharply, by a factor 2, from 25 m to 15 m baselines (the shortest PdBI baselines). Based on this, some extended emission is likely missing in our 1.3 mm interferometric maps of the central channels. By fitting the data in the channel at 5 km s −1 (at the systemic velocity) with two added Gaussians, we find that the Gaussian that best fits the short-baseline visibilities (and hence the extended component in the CSE) has a FWHP of 10 . This seems compatible with the increase in size observed at −7 km s −1 and 17 km s −1 that is not well mapped between −1 km s −1 and 11 km s −1 . The fluxes shown in Fig. 28 for the velocities between ∼−1 km s −1 and 11 km s −1 are therefore probably underestimated.
In Fig. 21 we also present the continuum emission, which is found to be slightly displaced with respect to the adopted center through the component detected at blue-shifted velocities. Part of the continuum emission seems to come from a region related to the approaching lobe (less extinguished in the visible), detected at blue-shifted velocities in CO. We also find in the 12 CO J = 2−1 maps that compact emission is missing at −7 km s −1 with respect to the adjacent channels, where the distributions are much brighter. Higher spectral resolution maps show that this affects an interval of about 8 km s −1 , Fig. 28 . There, the total integrated flux is shown in solid black line, and in solid red we plot the flux integrated (×10) in a 2 central region. We find that in both 12 CO J = 2−1 profiles line emission is missing at these velocities. We conclude this to be due to circumstellar self absorption, an effect already seen in other well-known pPNe, e.g., AFGL 618 (Sánchez Contreras et al. 2004 ), AFGL 2688 (Cox et al. 2000) , and IRAS 17436+5003 . Blue-shifted self absorption is observed when the part of the extended CSE closer to us absorbs blue-shifted emission from the inner regions, where the faster winds seem to occur. This feature is often less conspicuous in 12 CO J = 1−0, probably because it is easier to excite and because of its lower opacity. For comparison, the same effect can be seen in CO line profiles obtained toward AFGL 2688 and IRAS 19500-1709 , and also in this paper in IRAS 23321+6545, and, with different characteristics, in IK Tau and χ Cyg.
The blue-shifted CO J = 2−1 profile wing seems to be stronger than the red-shifted one, and reaches higher expansion velocities. Asymmetries between both CO J = 2−1 profile wings are observed in almost all envelopes with self-absorption: AFGL 2688, IRAS 19500-1709, IK Tau, IRAS 19475+3119, IRAS 20028+3910, and IRAS 23321+6545. This phenomenon could be due to heating in some parts of the flow because of shock interaction between the inner fast winds and the outer lowexcitation envelope. We cannot rule out however that in some cases it results from an erroneous estimate of the systemic velocity due to the presence of self-absorption at negative velocities.
In Fig. 22 a position-velocity (P-V) diagram obtained along the symmetry axis of the CSE is shown. Clearly, IRAS 20028+3910 presents the P-V gradient characteristic of a pPN, particularly of pPNe showing self-absorption (e.g., Sánchez Contreras et al. 2004; Castro-Carrizo et al. 2004 ). The characteristics derived from the analysis of the line emission and continuum maps, as well as from the P-V gradient, suggest the presence of fast collimated winds (seen in the optical) interacting with the inner layers of the previously-ejected (approximately spherical) AGB envelope.
IRAS 21282+5050
IRAS 21282+5050 is a planetary nebula surrounding a rather evolved O9 star (Crowther et al. 1998 ). This nebula is probably C-rich, in view of the intense lines of ionized carbon and PAHs (e.g., Crowther et al. 1998; Hrivnak et al. 2007 ). Optical HST images of the nebula (Sahai et al. 2007a , shown in grey scale in Fig. 23) show a quadrupolar structure about 7 wide, with two axes of symmetry that are not perpendicular. The structure found from IR images by Meixner et al. (1997) shows a dominant elongation of ∼4 , the deduced inclination axis lies almost in the plane of the sky. The radio continuum emission of IRAS 21282+5050, from VLA maps by Likkel et al. (1994) at 2 and 6 cm, occupies a similar 4 × 3 region.
IRAS 21282+5050 was mapped in CO emission with BIMA, but with significantly less spatial resolution and sensitivity than in our maps. Meixner et al. (1998) identified from these data a hollow and roundish structure, surrounded by a faint halo extending ∼30 . These authors also noted the lack of fast molecular gas in this nebula, which we can confirm from our data, which are presented below.
The PdBI observations of IRAS 21282+5050 were performed in track-sharing mode simultaneously with V Cyg (see Sect. 4.1.8). OTF observations in a square 90 -size field were obtained with the 30 m telescope. See Table 2 and Sect. 3 for other details about the observations and data reduction. The maps resulting from merging interferometric and 30 m-telescope observations are shown in contours in Fig. 23 , superposed on the HST image by Sahai et al. (2007a) in grey scale.
The maps obtained for the central channels, from 9 to 30 km s −1 , are dynamically limited, which makes imaging of the most extended circumstellar emission difficult (especially at 1.3 mm). This limitation is due to the secondary lobes intensity increase when adding the short-spacing flux. Note that IRAS 21282+5050 is more than 10 times brighter than most of the sources presented here (see spectra in Figs. 27 and 28) . The CLEANing procedures cannot properly allocate part of the flux, which may come from an extended halo. In the channel maps marked with c in Fig. 23 , the size of the detected extended emission is larger than or comparable to that in the central channels. This also suggests the presence of a more extended component. The 30 m-telescope integrated flux is comparable to that at zero-spacing in the merged data, where the signal is attenuated by the PdBI primary beam. We therefore deduce that the Ueta et al. (2000) , and plotted from 2.6σ, with a spacing of 3σ, where σ = 7.1 mJy beam −1 . In the panels marked with c in the bottom-left corner the first contours are at 6, 10, 15, 21, 27, 34σ and from there every 15σ. Equivalent negative contours are plotted in dashed lines. The last panel presents the continuum emission with a first contour and contour spacing of 3σ, where σ = 0.5 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 3. 1×2. 7 in size, with PA 76
• . (Bottom) CO J = 2−1: contours are superposed on HST images by Ueta et al. (2000) . They are plotted at 2.5, 6, 10, 16σ and from there with a spacing of 10σ, where σ = 15 mJy beam −1 . In the panels marked with c in the bottom-left corner the first contours are at 5, 10, 16σ and from there every 10σ. Equivalent negative contours are plotted in dashed lines. The last panel presents the continuum emission with a first contour and contour spacing of 3σ, with σ = 1.7 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 1. 5 × 1. 4 in size, with PA 50
• . The central coordinates are RA 20:04:35.96, Dec 39:18:44.8 (J2000). nebular CO emission does not extend farther than 22 , i.e., than the PdBI primary beam at 1.3 mm.
In Fig. 28 Continuum is tentatively detected, as can be seen in the last panels of Fig. 23 , with fluxes equal to 2.9 ± 0.6 and 5 ± 1 mJy beam −1 at 2.6 mm and 1.3 mm respectively. The CO J = 1−0 and J = 2−1 line emissions detected are compatible, showing the presence of a large elongated hole (of about 4 ×2 ) at the center. This innermost bright structure, well mapped in our CO maps, is surrounded by a large halo, which may not be well mapped, particularly at 1.3 mm. As mentioned before, the presence of a more extended tenuous CSE is inferred from the channel maps corresponding to the highest expansion velocities. In addition, the dominant component in the central CO channel maps is more or less coincident with the quadrupolar 7 -size structure seen in the optical HST images of the nebula (shown in grey scale in the channel maps in Fig. 23 ; Sahai et al. 2007a) , at least in extent and dominant axis direction with one of the optical pairs of lobes. The dominant symmetry axis seen in the IR (at a scale of 4 ) agrees roughly with that of the CO central hole, and it seems to be inclined close to the plane of the sky (see Meixner et al. 1997) . Also, the radio continuum emission mapped by Likkel et al. (1994) seems to come from the CO central hole.
IRAS 23321+6545
The existing data for IRAS 23321+6545 are quite scarce. It is classified as a young PN from its cold FIR colors and broad CO emission (Volk & Kwok 1989; Bujarrabal et al. 2001) . Radio continuum at mm wavelengths was previously detected by Walmsley et al. (1991) , who concluded from extrapolation of FIR intensities that the detected flux is probably due to cold dust emission. IRAS 23321+6545 is very probably O-rich, since OH maser emission has been detected in it (Likkel, 1989) . The source is very small in the optical and IR, tentatively showing a bipolar structure is the HST images (Ueta et al. 2000) , elongated in the direction PA ≈ −45 degrees. We adopt the kinematical distance for v LSR = −55 km s −1 , D = 4.5 kpc, which yields a reasonable total luminosity (Volk et al. 1993; Bujarrabal et al. 2001) .
The PdBI observations of IRAS 23321+6545 were performed in track-sharing mode simultaneously with X Her (whose data are shown in Sect. 4.1.5). In addition, 30 m telescope observations were performed toward the source center. Other details about the observations and data reduction are given in Sect. 3 and in Table 2 . The interferometric maps are shown in Fig. 24 . The maps obtained for the central channels (marked with a "c" in the bottom-left corner), from −67 to −43 km s −1 , are limited in the dynamic range, and therefore the lowest contour has not been plotted in those channels (more details can be found in the caption).
In Fig. 28 the spectra obtained for IRAS 23321+6545 are shown. The black solid line shows the integrated flux obtained for the CO lines from interferometric data. The dashed line shows the profile obtained with the 30 m telescope. Although IRAS 23321+6545 is found to be small, the contrast between single dish and interferometric integrated fluxes (Fig. 28) suggests the presence of an extended and tenuous halo filtered out by the PdBI.
Continuum is not detected at 2.6 mm with σ = 0.4 mJy, while it is detected at 1.3 mm at the 5.9σ level, where σ = 0.7 mJy (as can be seen in the last panel of Fig. 24) . The position of the detection is however offset by ∼0. 5 with respect to the peak of the CO emission in the central channels of the maps displayed in Fig. 24 , and coincides with the location of the redshifted emission. A better S/N detection would be needed in order to perform a better analysis.
Although the CO distribution in IRAS 23321+6545 (Fig. 24 ) is barely resolved, a significant characteristic is well revealed in these data. A position-velocity (P-V) gradient is detected along an axis with PA ≈ 90−95
• . In Fig. 25 we show (on the left) the P-V diagram along an axis of PA = 93
• , and (on the right) the CO J = 2−1 profile obtained at the central position. In both figures, an absorption at ∼−70 km s −1 is present, which is similar to those seen in AFGL 2688 and IRAS 19500-1709 , AFGL 618 . In all these cases we interpret this as absorption of the emission coming from excited innermost regions in the cooler outermost layers of the CSE closer to us. In well studied pPNe (Sánchez Contreras et al. 2004; Castro-Carrizo et al. 2004) , these excited regions have been found to correspond to fast axial winds developing in the innermost layers of the large CSE shaped in the AGB phase. As seen in other cases (Sect. 4.2.2), this feature is not (not clearly at least) detected in the CO J = 1−0 emission, due to its relatively low opacity. Higher-resolution maps are needed for a deeper analysis of the axisymmetrical distribution in IRAS 23321+6545. This envelope seems to present fast axial winds in the innermost regions, interacting with outer layers of the envelope, as was concluded with a detailed modeling in AFGL 618 (Sánchez Contreras et al. 2004) .
Finally, the profile obtained with the 30 m telescope (in dashed-line) shows an important ISM contribution between −28 and 5 km s −1 , and at −85 km s −1 (Fig. 28) . The interferometer filters out this extended contamination, and our compact emission is not much affected.
CRL 2477
The nature of the poorly known source CRL 2477 is controversial. Volk et al. (1992) suggested that this source is in the post-AGB phase, mainly from its bimodal SED, due to the emission of both the central star and the nebular dust, which is characteristic of young PNe. Groenewegen & Whitelock (1996) argued, mainly because the stellar counterpart is O-rich while the nebular gas seems C-rich, that there are two stars coincident in the plane of the sky. Recent photometric observations (Kerschbaum et al. 2006) show that the bluest component, presumably the M-type star, is not variable, which may again support the post-AGB nature of CRL 2477. In the background, in grey scale, the optical image obtained by (Sahai et al. 2007a ) is shown for comparison. (Top) CO J = 1−0: contours are plotted at 10, 20, and 40σ, and from there every 25σ, where σ = 9.8 mJy beam −1 . In the panels marked with c in the bottom-left corner an additional contour is plotted at 4σ. Equivalent negative contours are plotted with dashed lines. The last panel presents the continuum emission with a first contour and contour spacing of 3σ, where σ = 0.6 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 3. 9 × 2. 9 in size, with PA = 75
• . (Bottom) CO J = 2−1: contours are plotted at 18, 36, and 54σ, and from there every 36σ, where σ = 22 mJy beam −1 . In the panels marked with c in the bottom-left corner an additional contour is plotted at 4σ. Equivalent negative contours are plotted with dashed lines. The last panel presents the continuum emission with a first contour and contour spacing of 3σ, where σ = 1.2 mJy beam −1 . The synthesized beam, plotted in the bottom-right corner of last panels, is 1. 7 × 1. 5 in size, with PA = 61
• . The primary beams are plotted at half power in dotted lines in the last panels of the channel maps. The central coordinates are RA 21:29:58.50, Dec 51:04:00.5 (J2000).
CRL 2477 was observed at the PdBI in track-sharing mode with IRAS 19475+3119 (shown in Sect. 4.2.1). Considering the small angular size of the CSE as estimated by Neri et al. (1998) , < ∼ 6 , only observations at the central position were performed with the 30 m telescope. Other details about the observations and data calibration are given in Sect. 3 and in Table 2 . Figure 26 presents the channel maps obtained with the interferometric data, no zero or short-spacing data are added.
In Fig. 28 we can see that the line profiles obtained with the single-dish (in dashed red lines) are significantly affected by ISM contamination. Since the profiles mainly present absorptions, a part of the ISM contribution may come from the offsource position (observed to subtract the baseline in the singledish on-off observing mode; note that the obtained profile looks very similar to that obtained by Bujarrabal et al. 2001) . In solid black lines, the profiles show the integrated fluxes derived from the interferometric maps (shown in Fig. 26 ). We can see that the interferometer filters out most of the ISM emission; we may have some ISM contribution in the channels with the most blueshifted emission for 12 CO J = 2−1, but this is not clearly seen for the 12 CO J = 1−0 maps and profile.
Except for the ISM contribution, the J = 1−0 profiles observed with both instruments are comparable. The J = 1−0 emission shown in Fig. 26 shows a weak extended component surrounding a more compact one, but the envelope is confirmed to be smaller than 10 (as deduced by Neri et al. 1998 ). The detected single-dish J = 2−1 emission (obtained with a ∼11 -size primary beam) is higher than that obtained with the interferometer. Part of the extended component seen at 2.6 mm may be filtered out by the interferometer at 1.3 mm. Indeed in the J = 2−1 channel maps in Fig. 26 we do not see a halo similar to that seen in the J = 1−0 line emission. Continuum emission is detected at 1.3 mm at the J2000 coordinates RA 19:56:48.429, Dec 30:44:00.34 (J2000), which is the center of the maps shown in Fig. 26 .
The peaks in the channel-maps coincide with the continuum center. The emission centroids seem to be displaced a few fractions of an arcsecond toward the northeast however for many 12 CO J = 2−1 channels. The J = 1−0 line emission is centered and peaks at the continuum position for most channels, but also shows a displacement at −8 km s −1 and +20 km s −1 consistent with that for the J = 2−1 emission. At −12 km s −1 , mainly for the 12 CO J = 1−0 maps, the emission is found to peak slightly toward the southwest. Note that the ISM contribution does not seem to be significant at this velocity (see Fig. 28 ). It is difficult to come to a conclusion about the nature of the above features and the evolutionary status of the source from our maps. 
Discussion and conclusions
We present the first results of our COSAS program, a project to observe 12 CO J = 1−0 and J = 2−1 line emission from AGB and post-AGB stars using the IRAM Plateau de Bure interferometer (PdBI) and the 30 m radiotelescope. We present the line emission maps of a sample of 16 objects out of a total sample of 45 sources (see Table 1 ). In most cases, 30 m telescope on-thefly maps and PdBI high-resolution maps were merged to provide at the same time views of the structure of CSEs at small and large scales. Spatial resolutions as high as 1 are reached in some sources. In the last two columns of Table 3 we summarize the main characteristics derived for this first subsample. A statistical study will be performed at the end of the publication of all the data, including more precise results from data modeling.
In general, the CSEs around AGB stars are found to show a roundish shape and more or less isotropic expansion. There is a stark contrast with the axial symmetry and fast bipolar flows found in most nebulae around post-AGB objects (pPNe and PNe). Nevertheless, in most AGB CSEs studied in this work, clear (though moderate) departures from spherical symmetry are found. We have mentioned a slight displacement westwards of the outermost regions of the CSE around IK Tau with respect to the position of the central region. The outermost regions of the CSEs of WX Psc and TX Cam show a clear elongation toward the northwest. The inner regions of IK Tau and χ Cyg show evidences of aspherical (relatively fast and excited) winds. In particular for χ Cyg this wind seems to expand at velocities moderately higher (by ≈5 km s −1 ) than those of the extended CSE. The well-known more or less concentric arcs found in some AGB (and post-AGB) objects in scattered light images (Mauron & Huggins 2000 , are also found in our data. Arcs are particularly evident in R Cas, for which we have been able to measure a typical separation of about 7 , corresponding to possible mass-loss-rate fluctuations over a time scale of ∼350 yr. We clearly detect a similar feature in the inner CSEs around TX Cam. In this case (and perhaps also in R Cas) the structure seems to correspond to a spiral distribution rather than to concentric rings. This resembles the large spiral pattern seen in the optical in CRL 3068 (Mauron & Huggins 2006) , possibly the effect of a binary companion.
The two semiregular variables studied in this first subsample, X Her and RX Boo, show a clear axial symmetry and a velocity gradient along the axis in their CSE CO line emission. These features are more developed for X Her (which shows no trace of an outer rounded CSE) than for RX Boo (with a smaller axial distribution, surrounded by a large spherical CSE). Our maps suggest the presence of an hourglass-like structure and of an equatorial disk, similar to those seen in post-AGB sources like M 2-56 (Castro-Carrizo et al. 2002) and 89 Her , which are examples of sources with very different orientations with respect to the sky plane. At least in X Her, in which the central regions are quite well mapped, we can confirm that the equatorial disk is in slow expansion, at about 3 km s −1 (Sect. 4.5; Figs. 14, 15, and 44) . No rotation is found in X Her; if it exists, the rotating gas must occupy a region smaller than 1 . The position-velocity diagram along the equatorial direction is found to be almost exactly symmetric with respect to both the spatial and velocity axes, very clearly different from the butterfly-like structure of Keplerian disks; our data show that the high-velocity components in this diagram are most probably due to emission from the faster hourglass-like component.
Note that the presence of hourglass-like outflows is found for the two SRs included in this paper. For another SR in our sample (which will be presented in a forthcoming paper), IRC+50049, our data also reveal the presence of axisymmetric mass loss. Moreover, similar axisymmetrical structures have been reported for other SR sources, e.g. V Hya and π 1 Gru (Chiu et al. 2006a ). For SRs, our sample is biased, since strong CO emitters (and hence sources with relatively large mass-loss rates) and some sources with peculiar line profiles (as in the case of X Her) were selected. Nevertheless, the results obtained for some of these objects (e.g. RX Boo and IRC +50049) were unexpected, considering previous information.
The CO CSEs detected around CRL 2362, OH 104.9+2.4 and CRL 2477 are too small and compact to easily allow an extraction of the CSE characteristics. Modeling the maps obtained for the two CO lines will allow us to determine additional massloss characteristics for these objects.
We have shown that two early post-AGB stars, IRAS 20028+3910 and IRAS 23321+6545, present fast axial winds confined within the slower spherical CSE, with which they interact. The position-velocity gradients observed along the symmetry axes traced by the fast components, the self absorption of part of the blue-shifted emission, and the contrast between the two CO lines support such a scenario.
We have also found a systematic feature in IRAS 20028+3910 and IRAS 23321+6545, which appear in similar sources like AFGL 2688 and IRAS 19500-1709 : the blue-shifted high-velocity component is significantly more prominent than the equivalent red-shifted component. In AFGL 618 ) this characteristic is not observed. In other cases, like IRAS 17436+5003 ), its presence is not clear. We argue that it is unlikely that these differences between the profile wings, so often found in pPNe, are simply due to mass differences between approaching and receding gas. Instead, we suggest that this phenomenon could be due to gas heating because of shock interaction between the fast collimated winds and the slower moving outer envelope (easier to detect when the fast component points towards the Earth). However, we cannot rule out that in some cases the effect appears as a consequence of an erroneous estimate of the systemic velocity, due to self absorption in the blue edge of the line profile.
IRAS 19475+3119 and IRAS 21282+5050 are post-AGB objects with more evolved nebulae (in the pPNe phase) than any other object in our subsample. The maps of IRAS 19475+3119 show a well developed circumstellar bipolar structure, whose lobes resemble those seen, for instance, in M 1-92 (Alcolea et al. 2007 ). For IRAS 21282+5050, an apparently very evolved structure with a big elongated hole at the center is found; axial winds may have created a cylinder-like structure in the innermost regions of this nebula. e-pAGB C axial spherical IRAS 23321+6545 -12
-4500 (22) e-pAGB C SHVA winds spherical CRL 2477 -7
-1700 (23) e-pAGB? C small rounded Notes. General source characteristics are shown in Cols. 2−7, and the CSE characteristics derived from CO maps for the innermost and outermost circumstellar regions in Cols. 8, 9. P-V means position-velocity, dist. distance, det. detected and aspher. aspherical. SHVA means small, highvelocity, axial flows seen within a wider shell. SHV is used when no clear axial symmetry is derived. Rounded means structures are relatively compact and spherical. Spherical refers to extended and spherical halos, and aspherical to extended and not-very-spherical halos. e-pAGB means early post-AGB star. (8) Loup et al. (1993) ; (9) Neri et al. (1998) ; (10) Kholopov et al. (1999) ; (11) Ramstedt et al. (2006) ; (12) Groenewegen & Whitelock (1996) ; (13) Schöier et al. (2006b) ; (14) van Langevelde et al. (1993) ; (15) Feast et al. (1989) ; (16) Maercker et al. (2008) ; (17) Likkel et al. (1987) ; (18) . Notes. The shown angular sizes are not corrected from the contribution of the 30 m telescope primary beam. Theoretical estimates of the photodissociation diameter are also given. ( * ) The measured size is apparently larger than the observed field, of ∼100 , perhaps due to ISM contamination at the systemic velocity. For TX Cam and V Cyg the envelopes look slightly elongated, with a size difference of ∼4−8 ; the mean angular size is given in the table.
In most cases we see a large difference in size for the detected extent of halos in the CO J = 1−0 and J = 2−1 emissions. Sometimes this is clearly due to primary beam attenuation, which limits the extent of the mapped halo, see e.g. the maps and spectra obtained for R Cas and RX Boo, mainly for the J = 2−1 line, and TX Cam, χ Cyg and V Cyg in both lines. In other cases the mapping of the extended component becomes difficult due to the presence of strong side lobes, which happens mainly at 1.3 mm (e.g. for TX Cam, CRL 2362 and S Cep) or at both frequencies (IRAS 21282+5050). The J = 2−1 halo observations could be more limited than those of J = 1−0 due to the relative sensitivity. However, differences in the extent of the CO J = 2−1 and J = 1−0 emissions can also be due to differences in the line excitation conditions: the gas in the outermost regions is colder and less dense and hence more easily detectable in the CO J = 1−0 line. Detailed modeling of the excitation conditions is required to distinguish between these scenarios. Independent estimates of the halo size can be made from the 30 m-telescope data. In Table 4 , (beam convolved) total angular sizes at noise level measured from the 30 m telescope maps only are shown for those objects whose outermost emission is deduced to be attenuated by the PdBI primary beam. In the table we can also see estimates of the photodissociation diameters for AGB CSEs, from calculations by Mamon et al. (1988) , using the parametrization by Loup et al. (1993) ; see Planesas et al. (1990) . As we see, the total size of our mapped distribution, measured to noise level and including convolution with the 30 m telescope beam, are in general slightly larger than the expected total size of the CO-rich region. Although the comparison of both observational and theoretical results is in this case not straightforward, because it requires model calculations of the brightness distribution and beam convolution, we conclude that our high-sensitivity 30 m maps are not sensitivity-limited in general, and detect the total extent of the CO-rich envelope.
Maps of low-excitation CO lines are thought to provide a reliable image of the mass distribution in AGB and early post-AGB CSEs (see Sect. 1). However, CO photodissociation prevents the analysis of the outermost CSE regions from CO lines, which from a certain distance are not detected. We also note that an increase in the radiation field from one direction can yield a more efficient CO photodissociation in one side of the envelope, suggesting some asymmetry. We think that this effect should be in most cases easily differentiable from true axial symmetry. 
Notes.
The observing mode is shown in Col. 2. "mosaic" refers to observations of a larger field of view (of 48 at 1.3 mm) that stretches over a mosaic of 9 primary beams; "tr-sh" is for observations performed in the track-sharing mode (sources observed along the same track are identified by the same power-index). The array configurations are listed in Col. 3 (see Sect. 3). Phase and amplitude calibrators are in Col. 4, flux calibrator(s) in Col. 5, secondary calibrators are in brackets. "ph" refers to the phase calibrators, whose flux densities were used to assess the calibration when observations were made close in time. The last column lists the observing mode at the 30 m telescope: On-the-fly (OTF) observations were performed to cover 110 -or 90 -sized fields. A raster map was observed for CRL 2362. For the most compact sources only zero-spacing spectral data towards the center position were observed.
